Current methods for identifying mycobacteria by high-performance liquid chromatography (HPLC) require a visual assessment of the generated chromatographic data, which often involves time-consuming hand calculations and the use of flow charts. Our laboratory has developed a personal computer-based file containing patterns of mycolic acids detected in 45 species of Mycobacterium, including both slowly and rapidly growing species, as well as Tsukamurella paurometabolum and members of the genera Corynebacterium, Nocardia, Rhodococcus, and Gordona. The library was designed to be used in conjunction with a commercially available pattern recognition software package, Pirouette (Infometrix, Seattle, Wash.). Pirouette uses the K-nearest neighbor algorithm, a similarity-based classification method, to categorize unknown samples on the basis of their multivariate proximities to samples of a preassigned category. Multivariate proximity is calculated from peak height data, while peak heights are named by retention time matching. The system was tested for accuracy by using 24 species of Mycobacterium. Of the 1,333 strains evaluated, .97% were correctly identified. Identification of M. tuberculosis (n = 649) was 99.85% accurate, and identification of the M. avium complex (n = 211) was .98% accurate; .95% of strains of both double-cluster and single-cluster M. gordonae (n = 47) were correctly identified. This system provides a rapid, highly reliable assessment of HPLC-generated chromatographic data for the identification of mycobacteria.
Reverse-phase high-performance liquid chromatography (HPLC) of mycolic acid esters has been demonstrated to be a rapid, reproducible, species-specific method for the identification of Mycobacterium species (2-5, 8-10, 14) . HPLC analysis can also be used to differentiate other mycolic acid-containing bacteria (1, 6), speci4cally, members of the mycolic acidcontaining genera Nocardia, Rhodococcus, Gordona, and Corynebacterium, from Mycobacterium species. Mycobacterial identification by HPLC is relatively inexpensive and has been found to be more accurate than the use of commercial nucleic acid probes (10, 14) . Also, commercial probes are not available for many Mycobacterium species and do not recognize some M. avium complex strains (13) . As a result, HPLC is quickly becoming a procedure of choice for the routine identification of mycobacterial species in many laboratories.
Current methods for the interpretation of HPLC-generated chromatographic data do require some expertise. Minimally, each chromatogram must be visually assessed, and often, hand calculations and flow charts are necessary to validate the identifications for many mycobacterial species (2, 4, 8) . These methods for evaluating chromatographic data can become tedious and time-consuming for laboratories that process large numbers of samples.
Our laboratory has developed a personal computer-based file (library) consisting of 45 species of Mycobacterium, including both slowly and rapidly growing organisms. This library is to be used in conjunction with a commercially available pattern recognition software package. The pattern recognition software, Pirouette (Infometrix, Seattle, Wash.) , is able to process chromatographic data by using the K-nearest neighbor (KNN) algorithm. A similarity-based classification method, the KNN algorithm calculates an N-dimensional matrix where N is the number of variables in the measured data, i.e., the number of peaks found. Each sample is represented as a point in the multidimensional matrix. Once a matrix is formed, an unknown sample can be plotted among the known points and its distance to the known points in the matrix, i.e., the Mycobacterium library, can be measured. A ciassification of the unknown is then made on the basis of the identities of its nearest neighbors in the matrix. The number of neighbors (K) assessed is predetermined by the user in the design of the method so as to achieve optimal segregation of like samples (12) . This system provides a means for a very rapid assessment of chromatographic data while maintaining a high degree of accuracy (-97%) Corynebacterium renale   TMC107, TMC109, TMC110, TMC111, TMC112, TMC116, TMC120,TMC124, TMC125, TMC302,  TMC305, TMC307, TMC309, TMC314, TMC320, TMC321, TMC323, TMC326, TMC331, Mycolic acid sample preparation and HPLC. Cells were harvested from Lowenstein-Jensen slants as described previously (8) . Briefly, cells were saponified with 25% potassium hydroxide in 50% methanol, extracted into chloroform, and then derivatized to UV-absorbing esters withp-bromophenacyl bromide. Mycolic acids were separated by chromatography as described previously (2) . Briefly, samples were injected by using an Altex injector (model 210A) with a 20-pLI sample loop, and mycolic acid samples were separated by using a Beckman C-18 ultrasphere-XL analytical cartridge column with a particle size of 3 , um (Beckman Instruments, Fullerton, Calif.) . UV-absorbing esters were detected with a Beckman model 166 detector set at 260 nm. The column was equilibrated with 98% methanol-2% methylene chloride. Over a 1-min period, solvent concentrations were changed to 80% methanol-20% methylene chloride. Over the next 9 min, the solvent composition was changed linearly to 35% methanol-65% methylene chloride, with a flow rate of 2.5 ml/min. Over the next 0.5 min, the mobile phase was changed to the initial 98% methanol-2% methylene chloride condition and HPLC was continued for 1.5 min.
Chromatographic peak labeling. A high-molecular-weight standard (Ribi ImmunoChem Research, Inc., Hamilton, Mont.), which has been described previously (4) , was used as an internal standard. Thirty-seven different peaks, including the internal standard, were labeled with an arbitrary naming scheme (Fig. 1) . Each peak was automatically named by using peak identification tables tailored for variable ranges in internal standard (ISTD) elution times ( (Table 1) . After HPLC analysis, chromatographic data from each sample were analyzed by using the Pirouette pattern recognition software. Training set samples of Mycobacterium species and Tsukamurella paurometabolum were defined by a speciesspecific numerical class; members of the non-Mycobacterium genera were combined and assigned to a single class. Peak height data were normalized for each sample used in the training set. By using peak heights to calculate a position, each sample was plotted into a matrix by the KNN algorithm (12) . Once samples were defined into the matrix, the number of neighbors (K) that had to be assessed when predicting the identities of unknown samples was set to achieve the optimal segregation of each species.
Library evaluation. An independent set of 1,333 strains, including 24 species of Mycobacterium, was used to evaluate the accuracy of the Mycobacterium library. Following HPLC analysis, the identity of each sample was predicted by using the KNN algorithm in the Pirouette software. The distances between the unknown sample and each of the known samples in the precalculated matrix (library) were measured. An identification of the unknown sample was made by identifying the class of the nearest known samples and assigning the class that was shared by the majority of nearest neighbors to the unknown. Each class was representative of a specific species contained in the Mycobacterium library. The optimal number of neighbors (K) used to predict an unknown was determined previously and was implemented in the design of the library.
RESULTS
Because HPLC software is currently limited in its ability to use relative retention times for peak naming, the use of real retention times was necessary for automated peak labeling. To standardize labeling, several identification tables were devised to correctly identify peaks regardless of shifts in chromatography. The identification tables were calculated on the basis of the elution time of the ISTD. Tables were created to cover shifts in ISTD elution times ranging from 9.31 to 10.00 min. We found that the automated peak labeling tables became unreliable in chromatograms with ISTD elution times of more than 10.00 min.
Results obtained from the evaluation set are outlined in to the M. avium complex level affords a higher degree of accuracy (98.5%).
Of the remaining slowly growing mycobacteria tested, one M. celatum (7) culture was misidentified as M. avium, one single-cluster M. gordonae was misidentified as M. szulgai, one double-cluster M. gordonae was misidentified as M. intracellulare, and one M. kansasii was misidentified as M. bovis BCG. Also, one M. simiae was misidentified as M. fiavescens, one M. nonchromogenicum was misidentified as M. terrae, and one M. terrae was misidentified as M. nonchromogenicum. To summarize, 18 species of slowly growing mycobacteria were represented in the evaluation set. For the 1,155 slow growers examined, 97% were correctly identified by using the Mycobacterium library.
Six rapidly growing Mycobacterium species were included in the evaluation set. Ninety-three percent of the 168 rapid growers examined were correctly identified by using Pirouette software and the Mycobacterium library. Three strains of M. fortuitum-M. peregrinum were missed, with two misidentified as M. haemophilum and one misidentified as M. chelonae. One M. chelonae strain was misidentified as M. abscessus, and two strains of M. abscessus were misidentified as M. chelonae. Other misidentifications included one M. marinum being misidentified as a single-cluster M. gordonae. the peaks labeled by the peak Misclassifications can occur with the Pirouette software when a sample's chromatogram shows a variation not represented in the Mycobacterium library. Periodic upgrades have been and will be made to the library as unrepresented strains are found. Also, identification accuracy will be affected by poor chromatography and incorrect labeling of major peaks. However, a category was created to recognize poor samples and to classify them as such, and common variations in peak labeling have been included in the Mycobacterium library to minimize the number of inaccurate classifications caused by incorrectly labeled peaks.
Overall, the Mycobacterium library used in conjunction with the Pirouette software was found to provide a rapid, accurate system for identifying HPLC chromatograms produced by a broad spectrum of mycobacterial species.
